INTRODUCTION
The recent trend in electronics has been toward reducing the size of circuits; a trend which culminated in the development of integrated circuits. Although it is relatively simple to reduce the dimensions of resistors and capacitors it has proven impractical to achieve a comparable reduction in the size of inductors. The main reasons for this are the following [4] : 1 . Semiconductors, which provide the building material of integrated circuits, do not exhibit ferromagnetism. Hence, both the magnetic material forming the core and the conductors forming the windings of the inductor must be deposited on the semiconductor surface. This arrangement results in inductors of very low inductance L and poor quality factor Q.
2. The inherent relation between the physical size of an inductor and its quality factor creates a size problem. If the size of inductor is reduced by replacing every linear dimension by x l, then a new quality factor Qn will become x2Q, where Q is the original one.
Thus, reduction in size of inductor reduces the quality factor greatly. 3 Therefore, the gyrator, terminated in a capacitor, can be used to realize an inductor.
The gyrator can be realized by using Riordan's circuit shown in Fig. 2 .
In this diagram, the gain of the Op-Amp is assumed to be infinite, then the circuit will behave as a gyrator with terminals 1-1' and 2-2'. Input impedance at 1-1' can be given by
If Z2 is the impedance at terminals 2-2'.
TYPICAL CIRCUITS
We can divide all the circuits into three categories: Input impedance Zin is equivalent to an ideal inductance, and its value is given by L R2C henry.
These two circuits are equivalent to the realization of an active RC inductance with a gyration resistance K R. Since one of the input terminals is grounded, the circuit can realize only grounded inductors. Fig. 7 and Fig. 8 . For grounded inductance simulation, the circuit in Fig. 7 was used, and for floating inductor, the circuit in Fig. 8 was used.
The simulation of inductor was done using Riordan (Fig. 2) and Antonious (Fig. 5) circuits and the circuit in Fig. 6 . A 741 Op-Amp was used.
The grounded inductors were measured by the circuit in Fig. 7 and the floating inductor by the circuit in Fig. 8 Fig. 9 . In the ideal case, Q of the circuit becomes infinite, but experimentally we find some finite equivalent resistance and hence finite Q.
As the value of inductance is increased, the simulated inductance starts decreasing at higher frequency. The result has also been verified by computer-based analytical calculation. With L 22.09H, the simulated inductance starts falling at frequency of 200 kHz for Antoniou and at about 500 kHz for Riordan's circuit. For L 2.209H, corresponding frequencies are 2 MHz and 10 MHz respectively.
Analysis of Circuits and Explanation of Graph
We see that simulated inductance drops to a very low value as frequency is increased. This can be interpreted by considering the practical Op-Amp 741 as non-ideal and with a finite gain A. With the help of following derivation for Riordan's circuit, the variation of inductance with frequency can be obtained.
The various currents in Riordan's circuit are shown in Fig. 10 . The gain of the Op-Amp is assumed finite and equal to A. Equations at various nodes can be written as: 
CONCLUSIONS
Inductors using ferromagnetic materials are bulky and costly, but a reduction in the size of the inductor reduces the quality factor. There also exist fundamental limitations on the realization of inductances for microminiature and integrated circuit applications. As a result, RC-active devices are used to simulate inductors on silicon chips.
In this study, the realization of inductors using three basic circuits (a)
Riordan's circuit, (b) Antoniou's circuit, and (c) Floating inductor circuit was studied. Inductance of the simulated circuit was measured experimentally at various frequencies. The circuits were analysed using nonideal active devices and their performance calculated. The value of inductance decreases with increasing frequency. This was determined both experimentally as well as by a mathematical model based on finite gain. However, the inductance was observed to decrease at lower frequencies.
The reasons for this lower frequency drop may be (i) finite gyrator resistance ER, and (ii) the gain of the active device is not only finite, but varies with frequency. The effect of ER is shown analytically. The effect of variation of gain with frequency can be shown by replacing the active device by its single pole model.
